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Abstract
Objective: In February 2009, the Department of Health in England launched the Face, Arm, Speech, and Time (FAST) mass
media campaign, to raise public awareness of stroke symptoms and the need for an emergency response. We aimed to
evaluate the impact of three consecutive phases of FAST using population-level measures of behaviour in England.
Methods: Interrupted time series (May 2007 to February 2011) assessed the impact of the campaign on: access to a national
stroke charity’s information resources (Stroke Association [SA]); emergency hospital admissions with a primary diagnosis of
stroke (Hospital Episode Statistics for England); and thrombolysis activity from centres in England contributing data to the
Safe Implementation of Thrombolysis in Stroke UK database.
Results: Before the campaign, emergency admissions (and patients admitted via accident and emergency [A&E]) and
thrombolysis activity was increasing significantly over time, whereas emergency admissions via general practitioners (GPs)
were decreasing significantly. SA webpage views, calls to their helpline and information materials dispatched increased
significantly after phase one. Website hits/views, and information materials dispatched decreased after phase one; these
outcomes increased significantly during phases two and three. After phase one there were significant increases in overall
emergency admissions (505, 95% CI = 75 to 935) and patients admitted via A&E (451, 95% CI = 26 to 875). Significantly fewer
monthly emergency admissions via GPs were reported after phase three (219, 95% CI =229 to 29). Thrombolysis activity
per month significantly increased after phases one (3, 95% CI = 1 to 6), and three (3, 95% CI = 1 to 4).
Conclusions: Phase one had a statistically significant impact on information seeking behaviour and emergency admissions,
with additional impact that may be attributable to subsequent phases on information seeking behaviour, emergency
admissions via GPs, and thrombolysis activity. Future campaigns should be a0ccompanied by evaluation of impact on
clinical outcomes such as reduced stroke-related morbidity and mortality.
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Introduction
Stroke is the third leading cause of death worldwide and a major
cause of severe adult disability in developed countries [1,2]. For
acute ischaemic stroke, rapid thrombolysis within 4.5 hours can
improve the prognosis, with greater benefit from earlier treatment
[3,4]. An expeditious response to stroke symptoms is critical [5].
Many patients present too late to hospital due to a failure, for a
variety of reasons, or inability to call emergency services rapidly
[5–7].
Mass media interventions are promoted as an effective method
of improving awareness of health issues and changing behaviour,
including encouraging appropriate use of services [8]. A systematic
review of 20 evaluations of mass media interventions for a range of
conditions reported a positive effect on health services utilisation
[8]. Such interventions targeted at stroke have a positive impact on
knowledge, including awareness of the need for an emergency
response, but with little impact on public behaviour [9].
In February 2009, the Department of Health in England
launched the Face, Arm, Speech, and Time (FAST) mass media
campaign, to raise public awareness of stroke, specifically its
symptoms and the need for an emergency response [10,11]. An
adapted version of the FAST mnemonic (used to screen for the
presence of stroke in clinical practice) was used to convey
information on three typical stroke symptoms (F = facial weakness,
A – arm weakness and S = speech disturbance) and the desired
behavioural response (T = time to call emergency services if you
recognise any of one of the stroke symptoms). The damage to the
brain from stroke was illustrated with an evocative image of a fire
rapidly spreading in the head of an older adult depicted. The need
PLOS ONE | www.plosone.org 1 August 2014 | Volume 9 | Issue 8 | e104289
Darren Flynn1*, Gary A. Ford2, Helen Rodgers2, Christopher Price3, Nick Steen1, Richard G. Thomson1
for an expeditious response was further emphasised with the
aphorism ‘ACT FAST’ along with the key message ‘‘The faster
you act the more of the person you save’’.
Phase one was launched on 9th February 2009 and ran until end
of March 2009 with television, press, and radio advertisements. A
second phase ran from November 2009 to December 2009; a third
phase during February 2010 to March 2010; with a fourth phase
during March 2011. Fifth and sixth phases ran from February
2012 to March 2012, and during March 2013. The most recent
phase took place during March 2014. Whilst the overall cost of the
campaign to date is unclear, and unlikely to be the figure of £105
million in funding over three years quoted in a Wellcome Trust
article [12], the costs are not insignificant; the Department of
Health stated that the more restricted three month advertising
campaign in phase 4 cost £740,000 [13].
Few studies have evaluated the impact of the campaign on
behaviour, although face-to-face structured interviews with mem-
bers of the public in England conducted immediately before and
after the first phase identified increases in awareness of stroke
signs, the FAST mnemonic, and behavioural intentions to seek
emergency medical care for stroke symptoms [7,14]. A question-
naire survey administered in one mixed urban/rural population in
England also reported high-levels of awareness of the campaign
(70%) and FAST symptoms (other symptoms, leg weakness and
visual loss that were not highlighted in the FAST campaign, were
poorly recognised as signs of stroke) [15]. An audit of ambulance
trusts in England reportedly attributed an average increase of 50%
in absolute numbers of emergency calls categorised as stroke
according to paramedics between April to June 2008 (N = 2020)
and April to June 2009 (N = 3040) to the campaign [16]. No effect
of the campaign on speed of presentation or numbers of patients
thrombolysed were reported by single site studies in England
[17,18].
An evaluation (using observational data and modelling)
commissioned by the Department of Health attributed a range
of impacts on public and professional behaviour to the FAST
campaign within the first year: (i) increased numbers of stroke-
related emergency calls (55% over the first four months); (ii)
increased numbers of patients presenting earlier to hospital (9900)
and receiving specialist treatment (2500); (iii) reduced stroke-
related morbidity and mortality (640 patients); (iv) gains in quality
adjusted life years (2200); and (v) a return on marketing investment
of £3.20 for every £1 spent on the campaign [19]. However the
time frame and assumptions of the modelling process have not
been clearly described.
Attributing these findings to the campaign is difficult since they
are cross-sectional surveys [15], clinical outcomes are based on
modelling as opposed to objective data [19], or only report
changes in summary statistics between pre- and post-intervention
periods [14,16–18]. Consequently, they fail to provide an estimate
of effect that takes into account the influence of time trend [8]; for
example thrombolytic treatment rates in England were already
increasing rapidly before the FAST campaign due to service
developments [20].
In order to account for the influence of the campaign over and
above background time trend, we aimed to evaluate the impact of
three consecutive phases of the FAST campaign using objective
measures of behaviour at the population level in England with a
time series evaluation.
Methods
Data sources
An interrupted time series design was used as it is the optimal
research design for retrospectively evaluating the impact of the
FAST campaign, which also takes into account the influence of
background time trend. Three data sources covering the period
May 2007 to February 2011 were used to assess the impact of the
first, second, and third phases of the FAST campaign: data from
the Stroke Association (SA – a registered national charity that
provides support and information to stroke survivors and funds
research on prevention and treatment of stroke) on resource
utilisation [21]; Hospital Episode Statistics (HES) for England
(routinely collected information on all patients who receive care
from the National Health Service - publicly-funded primary and
secondary care services, the majority of which are free to anyone
who is legally residing in England) [22]; and data from a
monitoring registry set up to audit the safety and efficacy of
thrombolysis in the treatment of acute ischaemic stroke in routine
settings - the Safe Implementation of Thrombolysis in Stroke UK
(SITS-UK) database [23]. The number of SITS-UK hospital sites
in England that contributed data to the reported analysis
throughout the study period (2007, 2008, 2009, 2010 and up to
Feb 2011) was 27.
Data provided by the SA were used to establish the impact of
the campaign on information seeking behaviour for stroke: calls to
their helpline; visits to their website, including page views; and
information materials on stroke dispatched.
HES data for England (finished admission episodes) were used
to determine the proportion of overall emergency admissions with
a primary diagnosis of stroke admitted via (i) Accident and
Emergency (A&E) services – emergency 999 calls, (ii) general
practitioner (primary care practitioner) - where members of public
contacted a primary care practitioner as the first response to stroke
symptoms, rather than initiated an immediate 999 call).; (iii) Bed
Bureau, including the Central Bureau (service that collates
information on care homes in the UK); (iv) consultant outpatient
clinics; and (v) other means, including patients who arrive via the
A&E department of another healthcare provider. The following
ICD diagnosis codes were aggregated to determine a primary
diagnosis of stroke: G45, G46, I61, I63, I64, and I67. Sub-group
analyses of emergency admissions via A&E services and emergen-
cy admissions via general practitioners were also conducted.
Data from the SITS-UK database [23] from hospitals in
England that submitted data to the register throughout the study
period (n = 27) were used to assess the impact of the campaign on
numbers of patients receiving thrombolytic treatment.
Statistical analyses
Segmented regression analyses [24] were conducted to establish
the following parameters with 95% confidence intervals (CIs): (i)
time trends (monthly changes) for data before the campaign (May
2007 to February 2009); (ii) predicted value for outcomes at March
2009 if phase one had not occurred; (iii) any step change in levels
for data immediately after phase one (between February 2009 and
March 2009); and (iv) magnitude of time trends (monthly changes)
for data across March 2009 to October 2009 (corresponding to the
period with no campaign activity after phase one), November 2009
to February 2010 (corresponding to the period during the second
and third phases), and March 2010 to February 2011 (corre-
sponding to the period of no campaign activity following phase
three).
This approach differs to a standard segmented regression
analysis where it would be typical to allow for step changes in level
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for data between October 2009/November 2009 to December
2009, and between January 2010/February 2010 to March 2010.
However, in view of the intense compact nature of the initial
campaign (and due to the measurement interval of our data we
could not model changes during the February 2009 and March
2009) we assumed that the maximum impact on outcomes would
occur at the end of March 2009; therefore, it was more
appropriate to fit a step change in level only for data between
February 2009 and March 2009. The second and third phases
occurred over a sufficiently long period to be included as separate
segments in our analyses.
The Durbin-Watson statistic (d) with lower (dl) and upper (du)
bounds for critical values at 1% level of significance for regression
models with an intercept term [25] was used to establish the
presence of autocorrelation of error terms in the regression
analyses (i.e. whether consecutive monthly time points were
correlated). If d.du, or 4-d.du then there is no statistical
evidence of positive or negative autocorrelation respectively. The
inclusion of dummy variables for calendar month into the
regression models was undertaken to adjust for seasonality in the
datasets. These were conducted as sensitivity analyses, as opposed
to main analyses for the following reasons: (i) they constituted 11 of
45 degrees of freedom that may increase the standard errors
associated with estimates of effects; and (ii) some variation between
months is likely due to FAST activity and thus controlling for
calendar months may produce conservative estimates of campaign
effects. All analyses were conducted using SPSS version 19.
Results
There was no evidence of autocorrelation in the regression
models for the main analyses. The results are presented
graphically in figures 1 and 2 and summarised in tables 1 and 2.
Regression models adjusted for seasonality are shown in Tables S1
and S2.
The Stroke Association (SA)
Figure 1 (panels A and B) shows data on resource utilisation for
the SA: website hits (N = 3104722), website page views
(N = 17668701), calls to their helpline (N = 74428) and informa-
tion materials dispatched (N = 4463983). There were no statisti-
cally significant changes in trends for these outcomes before the
campaign.
With the exception of website visits, significant changes in level
between February 2009 and March 2009 were identified for
webpage views (82144, 95% CI = 13845 to 150384), information
materials dispatched (101081, 95% CI = 43530 to 158632), and
calls to the SA helpline (339, 95% CI = 26 to 652). Significant
monthly decreases in website visits (22550, 95% CI =25014 to
285), webpage views (213875, 95% CI =225582 to22167), and
information materials dispatched (220970, 95% CI =230840 to
211101) occurred during the period of no campaign activity
following phase one. These outcomes increased significantly
during the second and third phases of the campaign. Changes in
numbers of calls to the SA helpline across subsequent phases of the
campaign were not statistically significant.
HES for England
Figure 2 (panel A) shows HES data (N = 353305) for overall
emergency admissions for stroke, and for emergency admissions
via A&E (n = 280338) and general practitioners (n = 48019).
Statistically significant increases over 22 months before the
campaign were identified for overall emergency admissions (26
patients per month; 95% CI = 7 to 45) and A&E admissions (35
patients per month, 95% CI = 16 to 54), with significant increases
in levels between February 2009 and March 2009 (FAST Phase
one) for both overall (505 patients, 95% CI = 75 to 935) and A&E
admissions (451 patients, 95% CI = 26 to 875). Subsequent
increases for these outcomes immediately after the first phase,
during the second and third phases, and after the third phase were
not significant.
Emergency admissions via general practitioners were declining
during the period before the campaign (214 patients per month;
95% CI =219 to 210). Changes for this mode of emergency
admission between February 2009 and March 2009, after the first
phase, and during the second and third phases were not
significant. However, a significant decrease was identified during
the period of no campaign activity after phase three (219 patients
per month, 95% CI =229 to 29).
SITS-England
Figure 2 (panel B) shows the number of patients in England
receiving thrombolysis from 27 participating hospitals in England
that submitted data to the SITS-UK database throughout the
observation period (N = 3450). There was a significant monthly
increase in thrombolysis activity before the campaign (2 patients
per month; 95% CI = 2 to 3), with a non-significant increase in
level between February 2009 and March 2009. During the period
of no campaign activity after phase one, there was a significant
increase in thrombolysis activity (3 patients per month, 95%
CI = 1 to 6), followed by a monthly non-significant decline during
the second and third phases. A significant increase in thrombolysis
was also identified during the period of no campaign activity after
phase three (3 patients per month, 95% CI = 1 to 4).
Results adjusted for seasonality
Adjusting for variation between calendar months in regression
models (Tables S1 and S2) resulted in the change in levels between
February 2009 and March 2009 for information materials
dispatched by the SA and calls to their helpline no longer being
statistically significant. There were no longer significant changes in
trends for webpage views and information materials dispatched by
the SA after phase one and during the second and third phases.
Decreased hits on the SA website were also no longer significant
after phase one.
Adjusted regression models did not alter the pattern of
statistically significant results for emergency admissions or
thrombolysis activity; although the magnitudes of effects were
decreased (trends before the campaign for emergency admissions)
or increased (emergency admissions and webpage views between
February 2009 and March 2009, and thrombolysis activity after
the first phase).
Discussion
Statistically significant time trends (monthly increases) before
the campaign were reported for emergency hospital admissions for
stroke (overall and A&E) and thrombolysis activity from hospitals
in England that submitted data to the SITS-UK database, but not
for access to information about stroke from the SA. There was also
a significant monthly decline before the campaign in numbers of
emergency hospital admissions for stroke via general practitioners
(GPs) - where the public contacted a primary care practitioner as
the first response to stroke symptoms, rather than initiated an
immediate 999 call. These underlying trends may in part be
explained by (i) the publication of the National Stroke Strategy in
December 2007 [10], with subsequent national media attention;
(ii) discussions and preparation pertaining to implementation of
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Figure 1. Time series graphs of monthly resource utilisation by the Stroke Association over the study period (May 2007 to February
2011). A: Absolute numbers of website page views, website hits and information materials dispatched by the Stroke Association. B: Absolute
numbers of telephone calls received by the Stroke Association helpline. S1: period before the campaign (May 2007 to Feb 2009). S2: period of no
campaign activity after phase one of the campaign (Mar 2009 to Oct 2009). S3: period during phases two and three of the campaign (Nov 2009 to Feb
2010). S4: subsequent period with no campaign activity after phase three (Mar 2010 to Feb 2011). Yellow vertical bars represent the time periods for
the different phases of campaign activity.
doi:10.1371/journal.pone.0104289.g001
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Figure 2. Time series graphs of monthly emergency admissions for stroke and thrombolysis activity over the study period (May
2007 to February 2011). A: Absolute numbers of emergency admissions with a primary diagnosis of stroke in England. B: Absolute numbers of
patients receiving thrombolytic treatment in England (centres that submitted data to the SITS register throughout the study period). S1: period
before the campaign (May 2007 to Feb 2009). S2: period of no campaign activity after phase one of the campaign (Mar 2009 to Oct 2009). S3: period
during phases two and three of the campaign (Nov 2009 to Feb 2010). S4: subsequent period with no campaign activity after phase three (Mar 2010
to Feb 2011). Yellow vertical bars represent the time periods for the different phases of campaign activity.
doi:10.1371/journal.pone.0104289.g002
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the National Stroke Strategy within stroke services at the regional
level across England; (iii) additional factors influencing the
screening of patients for stroke by paramedics (ambulance service
national Care Quality Commission audit, and the proposal for
emergency response times for suspected stroke occurring less than
three hours prior to a 999 call to be changed from category B
[serious, but not immediately life-threatening – response time
20 minutes] to a category A [life threatening – response time
8 minutes]) connected with the National Stroke Strategy [26,27]);
and (iv) service development with regards to thrombolytic
treatment [20].
We found evidence of increased public access to stroke-related
information (website hits, webpage views, information materials
dispatched by the SA, and calls to their helpline), increased
overall/A&E emergency admissions, decreased emergency admis-
sions via GPs, and increased thrombolysis activity that were
attributable to the FAST campaign over and above underlying
trends. Although adjusted analyses indicated that the SA datasets
may have been influenced by seasonality, emergency hospital
admissions for stroke (overall and via A&E) increased significantly
immediately after the initial phase, whereas emergency hospital
admissions via GPs and thrombolysis activity showed statistically
significant decreases and increases respectively after the third
phase of the campaign. In contrast to a retrospective audit of
stroke patients presenting to a single hospital in England [17], we
found a statistically significant increase in thrombolysis activity.
Our findings provide evidence of an enduring impact of the
campaign in England on public behaviour (i.e. increased
awareness of stroke and more people arriving at secondary care,
due to fewer people contacting GPs as the first response to stroke
symptoms) and greater numbers of appropriate patients with
stroke symptoms arriving at specialist centres within the stroke
onset time to treatment window for evidence-based treatments
such as thrombolysis.
In contrast to our findings, a time series evaluation of a similar
FAST campaign rolled out in Ireland during 2010 was not shown
to have a sustained impact on emergency department attendance
[28]. Mass media campaigns targeting stroke in the Czech
Republic [29] and the USA [30] have also met with limited
success.
The reasons for the differences between our findings, and
evaluations of other campaigns are complex and multi-factorial,
and as previously noted their dual nature (public and professional)
makes it difficult to elucidate active components that might explain
any reported impact [9]. It has been posited that effectiveness of
mass media campaigns targeting stroke may be enhanced by spend
on media, media mix, and key messages [14]. Message content
(e.g. possibility of acute treatments such as thrombolysis [31]) and
the type of language (used by patients/bystanders versus profes-
sional) used to describe common stroke symptoms [31] may also
impact on effectiveness. Furthermore, failure to present details of
theoretically grounded development and piloting of the interven-
tions [9] further compounds identification of the optimal active
ingredients of effective campaigns.
The message content of FAST in England did not focus on
overcoming barriers to performing the desired response (call an
ambulance) or adequately address response efficacy (i.e., beliefs
associated with executing the desired response by explicitly
referring to the availability of an effective emergency treatment
such as thrombolysis). Additional impact may be observed with the
addition of these components to the message content.
The measures of emergency admissions and thrombolysis
activity directly relate to impact on patients with incident stroke
and subsequent outcomes, whereas measures of information
seeking (access to information resources from the SA) is more
indicative of behaviour of people who wish to know if they (or their
services) should have done something different when they (or
others) experienced a stroke.
Table 2. Summary of statistically significant (p,0.5) changes in data for different time periods.
Data Source/Measure
S1: Trend before
the campaign
(May 07 to Feb 09)
Predicted
mean at
March 2009
Change in level
immediately after
phase one (Feb
09 to Mar 09)
S2: Trend for
period of no
campaign activity
after phase one
(Mar 09 to Oct 09)
S3: Trend for
period during
phases two and
three of the
campaign (Nov
09 to Feb 10)
S4: Trend for period
with no campaign
activity after phase
three (Mar 10 to Feb
11)
SA: Website hits NS increase 66387 NS increase Significant decline Significant increase NS decline
SA: Website page views NS increase 381589 Significant increase Significant decline Significant increase NS decline
SA: Information materials NS increase 106099 Significant increase Significant decline Significant increase NS decline
SA: Calls to helpline NS decline 1538 Significant increase NS decline NS increase NS decline
HES: Overall emergency
admissions
Significant increase 7510 Significant increase NS increase NS increase NS increase
HES: A&E admissions Significant increase 5916 Significant increase NS increase NS increase NS increase
HES: Emergency
admission via GP
Significant decline 1046 NS increase NS decline NS decline Significant decline
SITS England:
Thrombolysis activity
Significant increase 54 NS increase Significant increase NS decline Significant increase
Figures for predicted mean at March 2009 are absolute numbers – predicted values if phase 1 had not occurred.
Change in level - step change in levels for data immediately after phase one (between February 2009 and March 2009).
Trends refer to monthly changes in data.
SA: Stroke Association; HES (Hospital Episode Statistics); A&E (accident and emergency); SITS (Safe Implementation of Thrombolysis in Stroke).
NS = non-significant at p,0.05.
doi:10.1371/journal.pone.0104289.t002
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These findings are important, but should also be interpreted
with some caution. Time series designs increase the confidence
that estimates of effect can be attributed to the intervention [32].
Nevertheless, there is always a chance that patterns in these
observational data were due to unobserved confounding variables;
not all sites in England enter data onto the SITS database and it is
possible that thrombolysis activity at these sites had different
trends. The number of hospital sites in England that contributed
data to the SITS-UK database during 2007, 2008, 2009, 2010 and
2011 were 50, 84, 112, 124 and 89 respectively. However, analyses
based on 27 centres contributing thrombolysis activity data
throughout the observation period enable a more accurate
estimate of an effect of the campaign on public behaviour
(changes in thrombolysis activity in other centres might have been
due to internal hospital factors). Furthermore, in line with national
guidelines [27] the proposed change in emergency 999 response
times for suspected stroke was implemented in March/April 2009
(stroke occurring less than three hours prior to a 999 call was
changed to a category A (life threatening – response time
8 minutes), which may have led to increased screening of patients
for stroke by 999 dispatchers and paramedics, which resulted in
more patients reaching hospital within the timeframe for
thrombolysis.
Overall, our analyses show a statistically significant impact of
phase one of the FAST campaign over and above underlying time
trends on information seeking behaviour on stroke (via the SA
data) and emergency admissions for stroke (overall and cases
admitted via A&E). Our analyses also provide evidence that
subsequent phases supported the maintenance and augmented the
impact of the initial phase on information seeking behaviour,
emergency hospital admissions via GPs and thrombolysis activity.
The statistically significant impact on the latter two outcomes after
the third phase is likely due to the close proximity of the second
and third phases, in effect a ‘double-dose’ of the intervention.
Nevertheless, our findings for magnitudes of the direct effects for
phase one and subsequent phases in terms of their clinical
significance are at best modest, indicating that the clinical
significance and cost-effectiveness of the campaign was substan-
tially less than that modelled by a previous evaluation [19].
Analyses exploring the impact of time from onset of stroke
symptoms to time to arrival at hospital would be important (as
earlier treatment with thrombolysis increases likelihood of a good
outcome), but data on onset time of the stroke are not available in
any routine system. Similarly, data reporting on changes in time
from arrival to hospital to time of receipt of thrombolysis (door to
needle times) are also not routinely available; however door to
needle time is not relevant to the aim of the campaign, which
targeted emergency response to symptoms of stroke by members of
the public.
The underlying assumption is that if more people with stroke
symptoms arrive rapidly at secondary care that outcomes will
improve through the increased use of evidence-based treatment
such as thrombolysis (as identified by our analysis of emergency
admissions and thrombolysis activity, although as stated above not
all sites in England enter data onto the SITS database). Using the
figures for the statistically significant step change increase (FAST
Phase one) between February 2009 and March 2009 for overall
emergency stroke admissions in England (505 patients, 95%
CI = 75 to 935) as an exemplar allows a very conservative estimate
(that takes no account of patients arriving at hospital more rapidly
and being treated earlier within the 4.5 hour time window for
thrombolysis and the resultant increased likelihood of benefit from
treatment) of clinical impact on the campaign. Assuming 85% of
these cases will be acute ischaemic stroke (50560.85 = 429
patients), and further assuming a thrombolysis rate of 12% [33]
(42960.12) then 51 additional patients may have received
thrombolysis. The mean number needed to treat for a good
outcome (independence) is 8 [3], which equates to an additional
(51/8) 6 patients in England who may have had good outcomes
from treatment. Applying the confidence interval ranges for the
step change between February 2009 and March 2009 results in a
lower and upper conservative estimate of 1 and 12 additional
patients who may have received a good outcome from treatment
with thrombolysis.
The conclusions are strengthened by the inclusion of three
independent data sources. Segmented regression analyses enabled
us to estimate the effect of FAST on multiple objective measures of
behaviour, which further highlights the importance of robust
evaluation of mass media interventions [8,9]. Reliance on findings
from evaluative studies reporting on awareness and behavioural
intentions, small single site studies, and modelling techniques can
lead to false confidence in the effectiveness of this type of complex
intervention on health outcome benefits and cost-effectiveness.
The findings from our study emphasise the importance of robust
evaluation and this should extend to all mass media campaigns
that represent significant investment of resources.
The need for continuous advertising to sustain public stroke
awareness has been highlighted previously [34,35]. Additional
evaluation studies of subsequent phases of the FAST campaign
(phase four during March 2011, with fifth, sixth and seventh
phases rolled out during February and March 2012, March 2013
and March 2014 respectively) would be helpful to establish if
subsequent phases yielded any additional statistically significant
impact or sustain the impact of previous phases on public
behaviour.
Theory-based interventions targeting the entire range of stroke
symptoms, barriers to calling an ambulance, and specific
information on the availability of effective secondary care
treatments such as thrombolysis, may be warranted to further
augment the impact of the campaign message on clinical outcomes
[36].
In order to elucidate causal mechanisms that sustain the impact
of mass media interventions on public behaviour, designers, policy
makers, clinicians and researchers in the field of stroke (and other
disciplines where the design of mass media interventions are
planned) should utilise appropriate theory and adhere to a
structured development process, and undertake robust evaluation
before, during and after the roll-out phases using objective
measures of behaviour at the population level.
Conclusions
We used the optimal research design to retrospectively evaluate
the impact of the FAST campaign, which enables analysis of
impact over and above any underlying time trend (interrupted
time series evaluation of appropriately available behavioural data
at the population level in England). There was an initial
statistically significant impact of phase one on information seeking
behaviour of the public about stroke and emergency admissions
for incident stroke, with additional statistically significant impact
on information seeking behaviour, emergency hospital admissions
(reduction in inappropriate care seeking behaviour of the public,
i.e. contacting a primary care practitioner as the first response to
stroke symptoms), and thrombolysis activity (arguably the most
important measure of impact directly related to clinical outcomes).
The FAST campaign has been promoted internationally as a great
success [19,37]; although our analysis suggests more modest effects
in terms of its clinical impact. Consequently, the clinical impact
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and cost-effectiveness of the FAST campaign in England remains
unclear and future campaigns should be accompanied by formal
evaluation of impact on clinical outcomes.
Supporting Information
Table S1 Interval estimates of segmented regression
coefficients for changes in data for different time
periods (adjusted for seasonality). Figures are absolute
numbers. Predicted mean at March 2009 are predicted values for
data if phase 1 had not occurred. Change in level - step change in
levels for data immediately after phase one (between February
2009 and March 2009). Trends refer to monthly changes in data.
SA: Stroke Association; HES (Hospital Episode Statistics); A&E
(accident and emergency); SITS (Safe Implementation of Throm-
bolysis in Stroke).
(DOCX)
Table S2 Summary of statistically significant (p,0.5)
changes in data for different time periods (adjusted for
seasonality). Figures for predicted mean at March 2009 are
absolute numbers – predicted values if phase 1 had not occurred.
Change in level - step change in levels for data immediately after
phase one (between February 2009 and March 2009). Trends refer
to monthly changes in data. SA: Stroke Association; HES
(Hospital Episode Statistics); A&E (accident and emergency);
SITS (Safe Implementation of Thrombolysis in Stroke). NS = non-
significant at p,0.05.
(DOCX)
Acknowledgments
We would like to express our thanks to: Nikki Hill (Deputy Director
Communications, The Stroke Association); Kennedy R Lees (Professor of
Cerebrovascular Medicine, Acute Stroke Unit, University Department of
Medicine and Therapeutics, Gardiner Institute, Western Infirmary and
Faculty of Medicine, University of Glasgow); Barbara Coyle (Senior
Information and Research Manager, The North East Public Health
Observatory); Leanne Woolmer (Administrator, Institute for Ageing and
Health, Newcastle University) and Justin Presseau (Lecturer in Health
Psychology, Institute of Health and Society, Newcastle University). GAF is
supported by an NIHR Senior Investigator award.
Author Contributions
Conceived and designed the experiments: GAF RGT HR DF. Analyzed
the data: NS DF. Wrote the paper: DF GAF RGT CP HR NS. Prepared
the figures and tables: DF NS.
References
1. Wolfe CD, Rudd AG (2007) The burden of stroke white paper: raising
awareness of the global toll of stroke-related disability and death. Available:
http://www.safestroke.org/Portals/10/FINAL Burden of Stroke.pdf. Accessed
2013 Oct 31.
2. World Health Organization (2004) The atlas of heart disease and stroke. Mackay
J, Mensah G (eds). Geneva: World Health Organisation.
3. Lees KR, Bluhmki E, Kummer R, Brott TG, Toni D, et al. (2010) Time to
treatment with intravenous alteplase and outcome in stroke: an updated pooled
analysis of ECASS, ATLANTIS, NINDS and EPITHET trials. Lancet 375:
1695–1703.
4. Hacke W, Kaste M, Bluhmki E, Brozman M, Da´valos A, et al. (2008)
Thrombolysis with alteplase 3 to 4.5 hours after acute ischemic stroke. New
Engl J of Med 359: 1317–1329.
5. National Audit Office (2005). Reducing brain damage: faster access to better
stroke care. London: National Audit Office.
6. Lecouturier J, Murtagh MJ, Thomson RG, Ford GA, White M, et al. (2010)
Response to symptoms of stroke in the UK: a systematic review. BMC Health
Serv Res doi:10.1186/1472-6963-10-157.
7. Mackintosh JE, Murtagh MJ, Rodgers H, Thomson RG, Ford GA, et al. (2012)
Why people do, or do not, immediately contact emergency medical services
following the onset of acute stroke: qualitative interview study. PLoS One doi:
10.1371/journal.pone.0046124.
8. Grilli R, Ramsay C, Minozzi S (2002) Mass media interventions: effects on
health services utilisation. Cochrane Database Syst Rev 1: CD000389. doi:
10.1002/14651858.CD000389
9. Lecouturier J, Rodgers H, Murtagh MJ, White M, Ford GA, et al. (2010)
Systematic review of mass media interventions designed to improve public
recognition of stroke symptoms, emergency response and early treatment. BMC
Health Serv Res doi:10.1186/1471-2458-10-784.
10. Department of Health (2007) National Stroke Strategy. London: Department of
Health.
11. Department of Health (2009) Stroke: Act F.A.S.T. awareness campaign. Available:
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.
uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/
DH_094239. Accessed 2014 Jan 30.
12. Wellcome Trust (2012) Focus on stroke: making a campaign out of a crisis.
Available: http://blog.wellcome.ac.uk/2012/05/10/focus-on-stroke-making-a-
campaign-out-of-a-crisis/. Accessed 2014 Jun 26.
13. Department of Health (2011) Act F.A.S.T. campaign relaunched to save more
lives. Available: http://webarchive.nationalarchives.gov.uk/+/www.dh.gov.uk/
en/MediaCentre/Pressreleases/DH_124696. Accessed 2014 Jun 28.
14. Trobbiani K, Freeman K, Arango M, Lalor E, Jenkinson D, et al (2013)
Comparison of stroke warning sign campaigns in Australia, England, and
Canada. Int J Stroke 8(Suppl. A100):28–31.
15. Robinson TG, Reid R, Haunton VJ, Wilson A, Naylor R (2013) The face arm
speech test: does it encourage rapid recognition of important stroke warning
symptoms? Emerg Med J 30: 467–471.
16. National Audit Office (2010) Progress in improving stroke care: ambulance trust
feedback report. London: National Audit Office.
17. Wood E, Sykes L, Jenkinson S, David O. (2010) Impact of the FAST campaign
to improve the speed of acute stroke presentation in the UK [abstract].
Cerebrovasc Dis 29.
18. Fitzsimmons PR, Cronin H, Martin H, Sharma A, Durairaj E (2010) Changes in
stroke onset to presentation times before and after the UK FAST stroke
awareness campaign. European Stroke Conference, Barcelona, Spain; 2010.
19. Fuel. Department of Health: Stroke Campaign Diagnosis. Available: http://www.
fueldata.co.uk/case-study#department-of-health-stroke-campaign-diagnosis. Ac-
cessed 2014 Jan 30.
20. Lees KR, Ford GA, Muir KW, Ahmed N, Dyker AG, et al. (2008) Thrombolytic
therapy for acute stroke in the United Kingdom: experience from the safe
implementation of thrombolysis in stroke (SITS) register. QJM 101: 863–869.
21. Stroke Association (2014) Available: http://www.stroke.org.uk/. Accessed 2014
Jan 30.
22. The NHS Information Centre for Health and Social Care: Hospital Episode
Statistics. Available: http://www.ic.nhs.uk/. Accessed 2014 Jan 30.
23. Safe Implementation of Treatment - International Stroke Thrombolysis
Registry. Available: https://sitsinternational.org/. Accessed 2014 Jan 30.
24. Wagner AK, Soumerai SB, Zhang F, Ross-Degnan D (2002) Segmented
regression analysis of interrupted time series studies in medication use research.
J Clin Pharm Therapeut 27: 299–309.
25. Savin NE, White KJ (1977) The Durbin-Watson test for serial correlation with
extreme sample sizes or many regressors. Econometrica 45:1989–1996.
26. Care Quality Commission (2009) Care of patients with stroke and transient
ischaemic attack. Available: http://archive.cqc.org.uk/periodicreview/
nationalcommitmentsandpriorities2009/10/ambulancetrusts/nationalpriorities/
careofpatientswithstrokeandtransientischaemicattack.cfm. Accessed 2014 Jan 30.
27. National Collaborating Centre for Chronic Conditions (2008) Stroke: national
clinical guideline for diagnosis and initial management of acute stroke and
transient ischaemic attack (TIA). London: Royal College of Physicians.
28. Mellon L, Hickey A, Doyle F, Dolan E, Williams D (2013) Can a media
campaign change health service use in a population with stroke symptoms?
Examination of the first Irish stroke awareness campaign. Emerg Med J doi:
10.1136/emermed-2012-202280.
29. Mikulı´k R, Goldemund D, Reif M, Brichta J, Neumann J, et al. (2011) 911 in
response to stroke: no change following a four-year educational campaign.
Cerebrovasc Dis 32(4): 342–348.
30. Kleindorfer D, Khoury J, Broderick JP, Rademacher E, Woo D, et al. (2009)
Temporal trends in public awareness of stroke: warning signs, risk factors, and
treatment. Stroke 40(7): 2502–2506.
31. Bray JE, O’Connell B, Gilligan A, Livingston PM, Bladin C (2010) Is FAST
stroke smart? Do the content and language used in awareness campaigns
describe the experience of stroke symptoms? Int J Stroke 5: 440–446.
32. Grimshaw J, Campbell M, Eccles M, Steen N (2000) Experimental and quasi-
experimental designs for evaluating guideline implementation strategies. Fam
Pract 17: 11–18.
33. Royal College of Physicians (2013) Clinical Effectiveness and Evaluation Unit on
behalf of the Intercollegiate Stroke Working Party. Sentinel Stroke National Audit
Programme (SSNAP). Clinical audit first pilot public report. National results,
2013. Available: http://www.rcplondon.ac.uk/sites/default/files/ssnap_first_
Evaluation of the FAST National Stroke Awareness Campaign in England
PLOS ONE | www.plosone.org 9 August 2014 | Volume 9 | Issue 8 | e104289
pilot_national_report_january_-_march_2013_admissions_with_appendices_.
pdf. Accessed 2014 Jan 12.
34. Hodgson C, Lindsay P, Rubini F. (2007) Can mass media influence emergency
department visits for stroke? Stroke 38: 2115–2122.
35. Reeves MJ, Rafferty AP, Aranha AAR, Theisen V (2008) Changes in knowledge
of stroke risk factors and warning signs among Michigan adults. Cerebrovasc Dis
25: 385–391.
36. Dombrowski SU, Mackintosh JE, Sniehotta FF, Araujo-Soares V, Rodgers H, et
al. (2013) The impact of the UK ‘Act FAST’ stroke awareness campaign: content
analysis of patients, witness and primary care clinicians’ perceptions. BMC
Public Health doi:10.1186/1471-2458-13-915.
37. NHS Networks (2014) Latest figures show that the annual ‘‘act fast’’ stroke
campaign has had a significant impact on patients receiving stroke treatment.
Available: http://www.networks.nhs.uk/news/government-claims-success-for-
2018act-fast2019-stroke-campaign. Accessed 2014 Jan 30.
Evaluation of the FAST National Stroke Awareness Campaign in England
PLOS ONE | www.plosone.org 10 August 2014 | Volume 9 | Issue 8 | e104289
